Biochemical mechanisms involved in monomethyl succinate-induced insulin secretion.
Esters of succinic acid stimulate insulin secretion from pancreatic beta-cells. Using collagenase-isolated rat islets, the transduction mechanisms involved were investigated. In freshly isolated perifused islets, monomethyl succinate (MMSucc), in the presence of basal (2.75 mM) glucose, stimulated insulin release in a biphasic pattern. This secretory response was dependent on extracellular calcium movement into the beta-cell, since the calcium channel blocker nitrendipine (5 microM) abolished it. The glucokinase inhibitor mannoheptulose (20 mM) had no effect on its secretory action, while the protein kinase-C inhibitor staurosporine (20 nM) reduced secretion to MMSucc. In addition, while ineffective alone, the diacylglycerol kinase inhibitor monooleoylglycerol (25 microM) potentiated MMSucc-induced insulin release. A similarly amplified response occurred in the presence of forskolin (0.25 microM), a compound that elevates islet cAMP levels. The sodium salt of succinic acid (20 mM) had no effect on insulin release in the presence or absence of forskolin. Prior treatment with MMSucc in the presence of 2.75 mM glucose sensitized islets to the usually weak insulin secretory effect of 7.5 mM glucose. Other groups of islets were incubated for 2 h with myo-[2-3H]inositol to label their phosphoinositide pools. These islets were subsequently stimulated, and the kinetics of [3H]inositol efflux and insulin secretion were measured. MMSucc induced a rapid and sustained dose-dependent increase in [3H]inositol efflux rates. In batch-incubated islets, MMSucc increased inositol phosphate levels. Finally, MMSucc (20 mM), in the presence of 8 mM glucose, did not influence the detritiation of [5-3H]glucose, but reduced the oxidation of [U-14C] glucose. These results support the following conclusions. First, MMSucc is a potent activator of islet phosphoinositide hydrolysis. Second, the activation of protein kinase-C appears to contribute to the acute insulin secretory effect of MMSucc. Third, MMSucc-induced increases in phosphoinositide hydrolysis contribute at least in part to its ability to acutely stimulate insulin release and prime the beta-cell to subsequent stimulation. Finally, mitochondrial events associated with the oxidative metabolism of MMSucc may underlie its insulinotropic action.